Abstract
Introduction

49
Adding oxygenates into petroleum diesel fuel has been known to reduce particulate matter 50 emissions in CI engines [1] [2] [3] . Among all oxygenated fuels reported in the literature, biodiesel 
57
Literature reports suggest that the overall oxygen content in an oxygenated fuel is the only 58 parameter determining the capability of the fuel in suppressing soot emission [5, 6] . 59 Miyamoto et al [5] found that oxygenated fuels, including di-n-butyl ether, ethylhexyl acetate, 60 ethylene glycol mono-n-butyl ether, and diethylene glycol dimethy ether, had the same 61 effectiveness in reducing the Bosch Smoke number of the exhaust from a diesel engine when 62 measured by the total oxygen mass fraction added into the base diesel [5] . Albeit interesting,
63
this finding was challenged by many other diesel engine tests results, in which the molecular 64 structure of the oxygenated compounds was also found to have some impacts on the soot 65 emission [7] [8] [9] [10] [11] [12] [13] [14] . Some engine experiments suggested that alcohols were more effective than that all the oxygenated fuels tested reduced soot precursors but the extent of these reductions 70 depended on the molecular structure of the oxygenates in the fuel mixtures [15] . However, tests also makes it difficult to obtain the working mechanisms of biodiesel and ethanol in 74 diesel combustion processes, particularly the kinetics involved in reducing the soot emission.
75
The present work investigated the potential of biodiesel and ethanol addition in petroleum 76 diesel on the combustion characteristics and soot formation using droplets combustion 77 experiments and whether the molecular structure of the oxygenated compounds have some 78 impact in the soot formation. The single droplet experimentation approach has been adopted 79 by many researchers to study the ignition and combustion characteristics of liquid fuels 
Experimental procedures
102
Single droplet combustion experiments of diesel and biodiesel were carried out using the 103 experimental apparatus as schematically illustrated in Figure 1 . Briefly, the experimental rig 104 consisted of a horizontal tube furnace (600mm in length and 40mm in diameter) with 105 temperature control for providing a hot air environment, a droplet suspension system, a step 106 motor for delivering the droplet into the furnace and a CCD camera for measuring flame 107 temperature.
108
In a typical experiment, the tube furnace was heated to and maintained at 973K, in which a 
Data analyses
121
Using the optical images taken on the CCD camera, the soot intensity and the flame 122 temperature were determined using the two-colour pyrometry [23] [24] [25] [26] . The CCD camera 
where RB r is the ratio of the pixel intensities of red and blue, 
134
The soot emissivity can be modelled by the widely used empirical correlation proposed by
135
Hottle and Broughton [27]:
where K is the absorption coefficient of soot particles, L the optical path length of 138 measurement, and  is 1.39 in the visible wavelength range [27, 28] . In the present study, 139 the so-called KL factor, which measures the number density of soot particles in the flame, 140 was used to represent the soot intensity [29] . A higher KL factor means a higher soot 141 intensity. It has been found the KL factor for glowing soot with temperatures ranging from 142 about 1900 to 2600K varies between 0.2 and 1.4 [28] .
143
For a given CCD camera, the spectral response of the camera's sensor is known. The colour 
179
It is well known that diesel droplet combustion is characterised as diffusion combustion with where the flame temperature was measured using fine thermocouples and the soot 219 10 concentration measured using a laser technique. The method used in the current study proved 220 to be simple and useful for qualitatively measuring the soot intensity and flame temperatures.
221
The flame temperature and soot intensity used for the following discussion refer to the 222 average temperature and soot intensity of the flame, respectively. 
250
Increasing the methyl oleate addition in the diesel/methyl oleate mixtures not only increased 251 the density but also decreased flame temperature, the latent heat and boiling point of the 252 mixture as methyl oleate has a lower latent heat of evaporation, a lower boiling point and a
253
higher density than diesel, as seen in Table 1 . 
Mechanisms of methyl oleate and ethanol in diesel soot formation
268
The preceding discussion has shown that the addition of methyl oleate and ethanol reduced with regards to the soot reduction level (Figure 9 ) suggests that the mechanism employed in 288 the current study was capable of capturing the kinetic effect of the oxygenates added to diesel 289 on soot precursor formation.
290
It is evident from Figure 9 that the addition of ethanol and methyl oleate, respectively, illustrates the reaction pathways of oxygen atoms present in ethanol and methyl-9-decenoate.
296
Close examination of the kinetic pathways associated with oxygen atoms showed that nearly 297 all of the oxygen atoms initially present in the two oxygenated fuels dissociated directly to 298 produce CO or CO 2 , which hardly participated in the process of soot precursor formation [15] .
299
The addition of ethanol to diesel replaced the carbon atoms bonded to hydrogen only in the 300 diesel with carbon atoms bonded to oxygen and this bond remained intact during the reaction.
301
In other words, the carbon atoms in diesel that can produce soot precursors were displaced by 302 the carbon atoms that cannot contribute to the formation of soot precursors. 
